transiently expressed in nascent neurons. To better understand the regulation of nerfin-1 expression, we have begun to characterize its cis-regulatory elements. A 6 kb upstream sequence serves to regulate nerfin-1 expression. EvoPrinter analysis (Odenwald et al., Proc. Natl. Acad. Sci. 102: 14700 -5, 2005) identifies multiple putative enhancer regions upstream of the transcribed region. Transgenic analysis of one of these regions reveals a neuroblast enhancer and of a second reveals a GMC and neuron enhancer. Additional upstream regions regulate expression in neurons. nerfin-1 3V UTR contains multiple predicted binding sites for miRNAs, and we have demonstrated that removal of the 3' UTR releases the translational block in neuroblasts. To determine which miRNAs regulate the expression of Nerfin-1 protein in neuroblasts, we have generated transformant lines with constructs that contain subsets of the miRNA binding sites. So far, our results reveal that multiple miRNAs play cooperative role in embryonic post-transcriptional regulation of nerfin-1 mRNA. The D-Pax2 gene plays an essential role in Drosophila melanogaster eye development. Its expression in the cone cells and primary pigment cells of the eye is thought to be important for the fate specification of those cells. Eyespecific expression of the D-Pax2 gene is driven by the sparkling (spa) enhancer. This enhancer has been well characterized and is known to be regulated by EGFR signaling through PntP2/Yan, Notch signaling through Suppressor of Hairless, and the expression of an eye-specific transcription factor Lozenge (Flores et al., Cell 2000). However, we find that synthetic versions of this enhancer containing only the known binding sites fail to drive gene expression in vivo, even when the original spacing and orientation of the binding sites are maintained. Mutational analysis of the uncharacterized sequences between the known binding sites indicates that several of these sequences are necessary for enhancer activity. Furthermore, placing these uncharacterized sequences next to the known binding sites rescues enhancer activity. These results suggest that there are additional, unknown DNA-binding factors required for the function of the spa enhancer and that the spacing and arrangement of binding sites within spa are extremely flexible. We are currently determining the specific sequences within the enhancer which are necessary for its activity and attempting to identify regulatory factors which bind those sequences. Short range transcriptional repressors play an important role in the early patterning events of the Drosophila embryo. The short range transcriptional repressor Knirps plays a pivotal role in establishing segment boundary during early embryogenesis, as well as in wing vein and tracheal development. Knirps recruits CtBP as a corepressor, however, the detailed molecular mechanism involved in transcriptional regulation still remains unclear. We purified Knirps from embryos and discovered that the protein is part of a large molecular weight complex (450 kDa) including Rpd3 histone deacetylase (Struffi and Arnosti, 2006). Mass spectrometric analysis of the purified complex indicates that the corepressor Groucho is also associated with Knirps. Furthermore, genetic interaction studies in a groucho+/À/knirps+/À transheterozygous background revealed even-skipped stripe patterning defects in the posterior region, which is known to be regulated by Knirps. This is the first report on Groucho interaction with Knirps, and it is remarkable that it contradicts the view that association with Groucho is a key difference between short and long range repressors. A detailed characterization of this interaction will lead toward a new definition of short and long range repression and also provide a mechanistic understanding of the process.
The D-Pax2 gene plays an essential role in Drosophila melanogaster eye development. Its expression in the cone cells and primary pigment cells of the eye is thought to be important for the fate specification of those cells. Eyespecific expression of the D-Pax2 gene is driven by the sparkling (spa) enhancer. This enhancer has been well characterized and is known to be regulated by EGFR signaling through PntP2/Yan, Notch signaling through Suppressor of Hairless, and the expression of an eye-specific transcription factor Lozenge (Flores et al., Cell 2000) . However, we find that synthetic versions of this enhancer containing only the known binding sites fail to drive gene expression in vivo, even when the original spacing and orientation of the binding sites are maintained. Mutational analysis of the uncharacterized sequences between the known binding sites indicates that several of these sequences are necessary for enhancer activity. Furthermore, placing these uncharacterized sequences next to the known binding sites rescues enhancer activity. These results suggest that there are additional, unknown DNA-binding factors required for the function of the spa enhancer and that the spacing and arrangement of binding sites within spa are extremely flexible. We are currently determining the specific sequences within the enhancer which are necessary for its activity and attempting to identify regulatory factors which bind those sequences. Short range transcriptional repressors play an important role in the early patterning events of the Drosophila embryo. The short range transcriptional repressor Knirps plays a pivotal role in establishing segment boundary during early embryogenesis, as well as in wing vein and tracheal development. Knirps recruits CtBP as a corepressor, however, the detailed molecular mechanism involved in transcriptional regulation still remains unclear. We purified Knirps from embryos and discovered that the protein is part of a large molecular weight complex (450 kDa) including Rpd3 histone deacetylase (Struffi and Arnosti, 2006) . Mass spectrometric analysis of the purified complex indicates that the corepressor Groucho is also associated with Knirps. Furthermore, genetic interaction studies in a groucho+/À/knirps+/À transheterozygous background revealed even-skipped stripe patterning defects in the posterior region, which is known to be regulated by Knirps. This is the first report on Groucho interaction with Knirps, and it is remarkable that it contradicts the view that association with Groucho is a key difference between short and long range repressors. A detailed characterization of this interaction will lead toward a new definition of short and long range repression and also provide a mechanistic understanding of the process. The retinoblastoma (RB) family of proteins are canonical tumor suppressors, biallelic mutations of which result in deregulation of cell cycle, a hallmark of a third of all human tumors. The mammalian RBs as well as their Drosophila counterparts Rbf1 and Rbf2 exert their control by regulating the transcription of genes involved in cell cycle, as well as differentiation, apoptosis and growth. However, the mechanism by which RB exerts its regulation at physiological targets remains obscure. One model suggests that this regulation is facilitated by recruitment of protein cofactors. We have taken advantage of the less complex Rbf network in Drosophila to isolate such cofactors and analyze their functional significance. We have purified by biochemical means a number of Rbf2-associated cofactors from embryonic extracts, which include the Cop9 signalosome (CSN1 -8) complex, an evolutionary conserved protein complex not previously linked to Rbfs. Here, we show that Cop9 genetically and physically interacts with Rbf2 during embryogenesis. Diminished levels of individual COP9 subunits lead to the reduction of Rbf1 and Rbf2 via a proteasome-mediated pathway. The CSN4 subunit of the COP9 signalasome co-occupies Rbf target genes promoters with Rbf1 and Rbf2, suggesting an active role for the COP9 signalosome in transcriptional regulation. Intervention by the COP9 signalosome at target gene promoters may extend Rbf protein lifespan and enable appropriate programs of retinoblastoma gene control during development. The dpp gene, which encodes a TGF-beta-like ligand, is expressed in a stripe of cells anterior to the A -P boundary of the Drosophila wing imaginal disc and is essential for proper wing development. The dppD enhancer, which controls this expression pattern, is directly regulated by the repressor Engrailed (En) and the Hedgehog-regulated factor Cubitus interruptus (Ci) (Muller and Basler, 2000) . However, using transgenic reporter assays, we have found that a synthetic version of this enhancer (dppD*) containing only the En and Ci sites from dppD fails to activate transcription in the wing disc. A mutated enhancer lacking En and Ci binding sites (dppDx) is de-repressed in both the anterior and posterior wing pouch; placing dppD* adjacent to dppDx rescues only anterior derepression. Taken together, our results and those of Muller and Basler (2000) suggest that cooperation between the known transcription factor binding sites and uncharacterized enhancer sequences is important for dppD regulation and that the spacing and arrangement of these sites may also be critical. Our current goal is to define and characterize novel regulatory elements and binding site arrangements that regulate dpp expression in the wing. The transcription factor Homothorax (Hth) and its cofactor Extradenticle (Exd) act in concert with the homeodomain transcription factor Distal-less (Dll) to specify antennal identity. The vertebrate homologs of these genes (Meis, Pbx and Dlx family genes) all play important roles in limb and neural development but are not known to interact directly. Dll has no reported cofactors in the fly, however, Hth/Exd (and Meis/Pbx) are important hox cofactors. Biochemical experiments demonstrate that these proteins (Hth/Exd/Dll and their vertebrate homologs) are capable of forming heterotrimers in vivo. Enhancers of target genes may integrate these three inputs either by containing one or more binding sites for a heterotrimer or containing separate binding sites for the individual proteins. Predictions about the likelihood of a gene falling under the control of Hth, Exd and Dll are affected by how the enhancers of target genes integrate these inputs. In addition, a more complete picture of enhancer structure aids identification of targets of Dll/Dlx and Exd/Hth or Pbx/Meis. We present a preliminary characterization of the antennal
